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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the functionally gradient material which consists of a refractory material containing a 
thermally conductive high low-melt point point ingredient, and the relative density of the refractory 
material to a low-melt point point ingredient is the functionally gradient material which is changing 
from one side to the another side side continuously or gradually, and is constituted with the refractory 
metal or alloy with which the high relative density side of said refractory material has the Takanobu 
nature or high intensity. 

[Claim 2] Said low-melt point point ingredient is a functionally gradient material according to claim 1 
which is one or more sorts chosen from Cu, Ag, and those alloys. 

[Claim 3] Said refractory material is a functionally gradient material according to claim 1 which is one 
or more sorts chosen from W, Mo, those alloys, and the ceramics. 

[Claim 4] Said refractory metal or alloy is a functionally gradient material according to claim 1 which is 
one or more sorts chosen from W, Mo, and those alloys. 

[Claim 5] The process of the diameter refractory material powder layer of a granule which particle size 
is increased one by one up and down so that particle size may become symmetrical by the upper and 
lower sides, respectively, and carries out the laminating of the diameter refractory material powder layer 
of a large drop more than one layer or two-layer, and is fabricated, When the relative density of the layer 
corresponding to the process which sinters the fabricated layered product, and said diameter refractory 
material powder layer of a granule of the obtained sintered compact is 90% or more At a core, a sintered 
compact is cut mostly, the layer corresponding to said diameter refractory material powder layer of a 
granule — Without cutting, when the relative density of the layer corresponding to said diameter 
refractory material powder layer of a granule of the obtained sintered compact is less than 90% The 
manufacture approach of the functionally gradient material possessing the process which obtains the 
functionally gradient material which is changing continuously [ the relative density of the refractory 
material to a low-melt point point ingredient ], or gradually [ carry out infiltrating of the thermally 
conductive high low-melt point point ingredient to said sintered compact, and ]. 

[Claim 6] The process of the diameter refractory material powder layer of a large drop which carries out 
the laminating of the diameter refractory material powder layer of a granule, and fabricates it up and 
down, respectively, The process which sinters the fabricated layered product, and the process which 
removes one side of said diameter refractory material powder layer of a granule of the obtained sintered 
compact, The manufacture approach of the functionally gradient material possessing the process which 
is made to carry out infiltrating of the thermally conductive high low-melt point point ingredient to said 
sintered compact, and obtains the functionally gradient material which is changing to the diameter 
refractory material powder layer side of a large drop continuously [ the relative density of the refractory 
material to a low-melt point point ingredient ], or gradually from the diameter refractory material 
powder layer side of a granule. 

[Claim 7] The process which carries out the laminating of two or more refractory material powder layers 
from which particle size differs, and is fabricated, and the process which carries out the temperature up 
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of the fabricated layered product to sintering temperature by the 0.17-0.33 degrees C [/s ] temperature 
gradient, The obtained sintered compact is made to carry out infiltrating of the thermally conductive 
high low-melt point point ingredient to the process sintered at sintering temperature. The manufacture 
approach of the functionally gradient material possessing the process which obtains the functionally 
gradient material which is changing from the diameter refractory material powder layer side of a granule 
to the diameter refractory material powder layer side of a large drop continuously [ the relative density 
of the refractory material to a low-melt point point ingredient ], or gradually. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a functionally gradient material and its manufacture 
approach, and relates to the functionally gradient material which consists of a tungsten and copper 
especially. 
[0002] 

[Description of the Prior Art] Members, such as a diverter plate used for a nuclear fusion reactor, a beam 
dump, and a calorimeter, are exposed to the plasma, and are used under the very cruel environment 
where a high temperature load and a high particle load are received. As an ingredient which constitutes 
this member, the functionally gradient material which the refractory material which has thermal 
resistance like a tungsten (W), and a thermally conductive high low-melt point point ingredient like 
copper (Cu) were joined, and both presentation was changed in the direction of a laminating, and aimed 
at relaxation of thermal stress is proposed in recent years. 

[0003] This W/Cu functionally gradient material is manufactured by the approach called for example, a 
sintering infiltration process. Manufacture of the W/Cu functionally gradient material by the sintering 
infiltration process is performed as follows. That is, W sintered compact from which particle size was 
changed, the laminating was carried out one by one, press molding was carried out, W powder was first 
sintered, and the consistency changed in the direction of a laminating is formed. In this case, the layer 
with a small particle size has a high consistency, and, as for the layer with a large particle size, a 
consistency becomes low. Subsequently, opening HIP (isotropic pressure pressurization between heat) 
processing is performed to W sintered compact, the closed pore in W sintered compact is crushed, and it 
leaves only an open pore. Finally Cu is infiltrated into the open pore of W sintered compact. Thus, the 
obtained functionally gradient material shows the inclination presentation which changes from W layers 
with few amounts of infiltrating of Cu with a high consistency to W layers with many amounts of 
infiltrating with a low consistency. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there are the following various problems in 
manufacture of the functionally gradient material by the sintering infiltration process explained above. 
(1) Although a W/Cu functionally gradient material produces a heat shrink in the coagulation process of 
Cu after infiltrating [ of Cu ], the layer with the high consistency of W of a functionally gradient 
material has few amounts of infiltrating of Cu, or since infiltrating is not carried out at all, it will not be 
able to bear thermal stress but a crack will produce it. 

[0005] (2) Since the particle size of W powder differs in the direction of a laminating, the rates of 
contraction after sintering differ greatly in the direction of a laminating, curvature arises in W sintered 
compact, or a crack occurs in it. 

(3) In W powder layer of a low consistency with a big particle size, in case casting becomes poor and a 
molding object is moved at the time of molding, a crack occurs after KAKE **** and sintering. 
[0006] (4) In W powder layer from which particle size differs, since the particle size of W powder of 
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each class differs when it sinters with the programming rate which is conventional about 5 degrees 
C/minute, since sintering initiation temperature differs, the sintering initiation temperature of each class 
differs. Therefore, if long duration maintenance is carried out at low temperature, sintering progresses, 
and since sintering does not progress, in a layer with a large particle size, a crack will produce only a 
layer with a small particle size between layers. 

[0007] This invention is made in view of the above-mentioned trouble, and aims at offering the 
functionally gradient material which bears the thermal stress in the case of the solidification shrinkage of 
a low-melt point point [ that a consistency is an infiltrating ingredient after infiltrating / of the low-melt 
point point ingredient to the refractory material which changed in the direction of a laminating ] 
ingredient in a sintering infiltration process. 

[0008] Curvature arises in the refractory material from which the consistency changed in the direction of 
a laminating, or other purposes of this invention are to offer the manufacture approach of the 
functionally gradient material which a crack does not generate. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the relative 
density of a refractory material [ as opposed to / the 1st invention ( claim 1) consists of a refractory 
material containing a thermally conductive high low-melt point point ingredient, and / a low-melt point 
point ingredient ] is the functionally gradient material which is changing from one side to the another 
side side continuously or gradually, and the high relative density side of said refractory material offers 
the functionally gradient material constitute with the refractory metal or alloy which has the Takanobu 
nature or high intensity. 

[0010] In the 1st invention (claim 1), one or more sorts as which one or more sorts as which said low- 
melt point point ingredient was chosen from Cu, Ag, and those alloys, and said refractory material were 
chosen from W, Mo, those alloys, and the ceramics, said refractory metal, or an alloy can make a 
functionally gradient material (claims 2-4) one or more sorts chosen from W, Mo, and those alloys. 
[001 1] The 2nd invention (claim 5) The process of the diameter refractory material powder layer of a 
granule which particle size is increased one by one up and down so that particle size may become 
symmetrical by the upper and lower sides, respectively, and carries out the laminating of the diameter 
refractory material powder layer of a large drop more than one layer or two-layer, and is fabricated, 
When the relative density of the layer corresponding to the process which sinters the fabricated layered 
product, and said diameter refractory material powder layer of a granule of the obtained sintered 
compact is 90% or more At a core, a sintered compact is cut mostly, the layer corresponding to said 
diameter refractory material powder layer of a granule - Without cutting, when the relative density of 
the layer corresponding to said diameter refractory material powder layer of a granule of the obtained 
sintered compact is less than 90% It carries out infiltrating of the thermally conductive high low-melt 
point point ingredient to said sintered compact, and the manufacture approach of the functionally 
gradient material possessing the process which obtains the functionally gradient material which is 
changing continuously [ the relative density of the refractory material to a low-melt point point 
ingredient ] or gradually is offered. 

[0012] The 3rd invention (claim 6) The process of the diameter refractory material powder layer of a 
large drop which carries out the laminating of the diameter refractory material powder layer of a 
granule, and fabricates it up and down, respectively, The process which sinters the fabricated layered 
product, and the process which removes one side of said diameter refractory material powder layer of a 
granule of the obtained sintered compact, It carries out infiltrating of the thermally conductive high low- 
melt point point ingredient to said sintered compact, and the manufacture approach of the functionally 
gradient material possessing the process which obtains the functionally gradient material which is 
changing from the diameter refractory material powder layer side of a granule to the diameter refractory 
material powder layer side of a large drop continuously [ the relative density of the refractory material to 
a low-melt point point ingredient ] or gradually is offered. 

[0013] The process which the 4th invention (claim 7) carries out the laminating of two or more 
refractory material powder layers from which particle size differs, and is fabricated, The process which 
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carries out the temperature up of the fabricated layered product to sintering temperature by the 0.17-0.33 
degrees C [/s ] temperature gradient, The obtained sintered compact is made to carry out infiltrating of 
the thermally conductive high low-melt point point ingredient to the process sintered at sintering 
temperature. The manufacture approach of the functionally gradient material possessing the process 
which obtains the functionally gradient material which is changing from the diameter refractory material 
powder layer side of a granule to the diameter refractory material powder layer side of a large drop 
continuously [ the relative density of the refractory material to a low-melt point point ingredient ] or 
gradually is offered. 

[0014] Hereafter, this invention is explained more to a detail. 1st invention is characterized by being 
constituted with the refractory metal or alloy with which the high relative density side of a refractory 
material layer has high ductility. 

[0015] In this case, as a low-melt point point ingredient, W, Mo, or those alloys can be used as Cu, Ag 
or those alloys, and a refractory material, as the concrete thing of the alloy of W and Mo - various 
alloys, such as a Re-W alloy, a Re-Mo alloy, and a W-Mo alloy, and not only the alloy of said metals 
but Y2 03 etc. - various ingredients, such as various ceramic ingredients, are further raised for Mo or 
W etc. which the oxide of the rare earth containing Y distributed. 

[0016] Moreover, as a refractory metal which has the ductility as used in the field of this invention, one 
or more sorts chosen from W, Mo, and its alloy can be used. As a concrete thing of the alloy of W and 
Mo, various ingredients, such as various alloys, such as a Re-W alloy, a Re-Mo alloy, and a W-Mo 
alloy, are raised. 

[0017] In addition, the same ingredient may be used for said refractory material and refractory metal in 
this invention. The concrete presentation of the alloy of each Mo or W and the reason for presentation 
limitation are as follows. 

[0018] (1) As for Re content in the alloy of Re-W ******, it is desirable that it is 1 - 50 % of the weight. 
At less than 1 % of the weight, the ductility of the alloy according [ Re content ] to addition of Re and 
the strong improvement effectiveness are not accepted, but, on the other hand, more becomes 
remarkable [ the aggravation of the dispersibility of Re or the fall of a consistency in an alloy ], if 50 % 
of the weight is exceeded, and it is not desirable. 

[0019] (2) As for Re content in the alloy of Re-Mo ******, it is desirable that it is 1 - 50 % of the 
weight. At less than 1 % of the weight, the ductility of the alloy according [ Re content ] to addition of 
Re and the strong improvement effectiveness are not accepted, but, on the other hand, more becomes 
remarkable [ the aggravation of the dispersibility of Re or the fall of a consistency in an alloy ], if 50 % 
of the weight is exceeded, and it is not desirable. In addition, more desirable Re content is 3 - 30 % of 
the weight. 

[0020] (3) As for Mo content in the alloy of W-Mo ******, it is desirable that it is 10 - 70 % of the 
weight. At less than 10 % of the weight, the ductile improvement effectiveness of the alloy according 
[ Mo content ] to addition of Mo is not accepted, and if 70 % of the weight is exceeded on the other 
hand, thermal resistance falls and it is not desirable. 

[0021] (4) Y2 03 in the alloy of Y2 03-W ****** As for a rat6j it is desirable that it is five to 50 
volume %, and it is more desirable that it is 7.5 to 15 volume %. Y2 03 A rate is Y2 03 under in 5 
volume %. It becomes difficult to demonstrate the effectiveness as sintering acid, and on the other hand, 
if 50 volume % is exceeded, while the mechanical strength of the obtained functionally gradient material 
will deteriorate, the workability at the time of carrying out fabricating becomes scarce. The mean 
particle diameter of W powder has desirable 0.5-4 micrometers, and its 2-3 micrometers are more 
desirable. 

[0022] In addition, Y2 03 The effectiveness of addition is as follows. 

a. Y2 03 The reinforcement of W can be improved and equal [ to the heat shrink after infiltrating / of a 
low-melt point point ingredient / enough ] now by adding. 

[0023] b. Y2 03 According to the pinning effectiveness, the fall on the strength by big-and-rough-izing 
of the crystal at the time of sintering can be suppressed. 

c. The conditions of powder molding and sintering can be set up now in the large range rather than the 
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conventional process. 

[0024] (5) Y2 03 in the alloy of Y2 03-Mo ****** As for a rate, it is desirable that it is five to 50 
volume %, and it is more desirable that it is 7.5 to 15 volume %. Y2 03 A rate is Y2 03 under in 5 
volume %. It becomes difficult to demonstrate the effectiveness as sintering acid, and on the other hand, 
if 50 volume % is exceeded, while the mechanical strength of the obtained functionally gradient material 
will deteriorate, the workability at the time of carrying out fabricating becomes scarce. The mean 
particle diameter of Mo powder has desirable 0.5-4 micrometers, and its 2-3 micrometers are more 
desirable. 

[0025] Y2 03 The effectiveness by addition is the same as that of the case of a Y2 03- W alloy. The 
alloy mentioned above can be obtained by using the mixed powder of each component. 
[0026] The functionally gradient material concerning the 1st invention can be obtained as follows. First, 
from refractory metal powder with a small particle size or the mixed powder for high-melting alloys, 
and it, the laminating of one layer or the refractory material powder layer beyond it which enlarged 
particle size one by one is carried out one by one, and it fabricates by the pressure of 49-196MPa. 
Subsequently, 14.4-86.4ks sintering is carried out at the sintering temperature of 1873-2473K by the 
hydrogen ambient atmosphere. 

[0027] Next, 7.2 - 28.8ks and capsule free HIP processing are performed under the pressure of 98- 
196MPa, and the sintering temperature of 1873-2273K. Consequently, the sintered compact the 
consistency carried out [ the sintered compact ] sequential reduction from the refractory metal or the 
alloy layer is obtained. 

[0028] Then, infiltrating canning HIP processing of a thermally conductive high low-melt point point 
ingredient is performed to this sintered compact. Processing conditions are 3.6-1 8ks(es) under the 
pressure of 49-294MPa, and the sintering temperature of 1323-1 573K. At the end, it can finish-machine 
and the functionally gradient material concerning the 1st invention can be obtained. 
[0029] Thus, the obtained functionally gradient material fully bears the thermal stress by the 
solidification shrinkage of a low-melt point point ingredient by which infiltrating was carried out, and a 
crack does not produce it. Particle size is increased one by one so that particle size may become 
symmetrical up and down, respectively, the laminating of the diameter refractory material powder layer 
of a large drop more than one layer or two-layer is carried out, and 2nd invention is characterized by the 
thing of the diameter refractory material powder layer of a granule for which shaping, sintering, etc. are 
performed. 

[0030] In this 2nd invention, although infiltrating canning HIP processing of shaping of a layered 
product, sintering, capsule free HIP, and a low-melt point point ingredient is the same as that of the 1st 
invention, when the consistency of the diameter refractory material layer of a granule is 90% or more of 
high density, the process cut in parallel with a laminating side at the core of the diameter refractory 
material layer of a granule before infiltrating processing of a low-melt point point ingredient is 
performed. Subsequent infiltrating processing and subsequent finish-machining are the same as that of 
the 1st invention. Since infiltrating [ of a low-melt point point ingredient ] is performed also in the 
diameter refractory material layer of a granule convenient when the consistency of the diameter 
refractory material layer of a granule is less than 90%, it is not before infiltrating processing of a low- 
melt point point ingredient, and cutting is performed after infiltrating processing. 
[0031] Thus, since distribution of particle size was performed by the upper and lower sides and shaping 
and sintering were performed by symmetry type, curvature does not arise or a crack does not generate 
the obtained functionally gradient material in the diameter refractory material layer of a granule. 
[0032] In addition, the refractory material and the low-melt point point ingredient are usable in the same 
thing as the 1st invention. The 3rd invention is fabricated on both sides of the diameter refractory 
material powder layer of a large drop by the two-layer diameter refractory material powder layer of a 
granule, and is characterized by sintering. That is, it prevents that a crack occurs by springback in the 
diameter refractory material powder layer of a large drop by pinching the difficult diameter refractory 
material powder layer of a large drop of shaping by the two-layer diameter refractory material powder 
layer of a granule. 
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[0033] After performing infiltrating canning HIP processing of a thermally conductive high low-melt 
point point ingredient to the obtained sintered compact, one side of the two-layer diameter refractory 
material powder layers of a granule is removed. In addition, the refractory material and the low-melt 
point point ingredient are usable in the same thing as the 1st invention. 

[0034] 4th invention is characterized by carrying out the temperature up of the layered product by which 
two or more refractory material powder layers from which particle size differs were fabricated to 
sintering temperature by the 0.17-0.33 degrees C [/s ] temperature gradient. That is, by speeding up a 
programming rate conventionally, effect by difference of the sintering initiation temperature of each 
class can be lessened, and generating of the crack between each class can be prevented. 
[0035] In addition, since a Plastic solid becomes [ a temperature gradient ] an elevated temperature from 
ordinary temperature gradually in s in less than 0.17 degrees C /, the effect of a difference of the 
sintering temperature of each class will appear notably, and a crack will occur between each class. On 
the other hand, if a temperature gradient exceeds s in 0.33 degrees C /, since the gas of the core of a 
Plastic solid will not mainly have fallen out, the problem that the consistency of each class is not fully 
obtained or uniform sintering is not performed arises. A desirable temperature gradient is 0.22-0.28 
degrees C/s. The refractory material and the low-melt point point ingredient are usable in the same thing 
as the 1st invention. 
[0036] 

[Embodiment of the Invention] Hereafter, the various examples of this invention are shown and this 
invention is explained more concretely. 

an example 1 — this example is an example concerning the 1st invention. 

[0037] As shown in drawin g 1 , as the diameter refractory metal of a granule, or an alloy powder layer 1, 
using five sorts of ingredients shown in the following table 1, the laminating of the W powder layer 3 of 
particle size of 2 or 9.0 micrometers of W powder layers with a particle size of 3.0 more micrometers 
was carried out to this, and this was fabricated by the pressure of 147MPa(s). This Plastic solid was 
sintered 28.8 kses in the hydrogen ambient atmosphere 2073K. Subsequently, 14.4ks(es) and capsule 
free HIP processing were performed by the pressure of 176MPa, and 2073K. Consequently, the relative 
density of the diameter refractory material layer 1 of a granule was a value shown in Table 1, and W 
layers of W layers of relative density of 3 of the relative density of 2 were 60**2% 80**2%. 
[0038] Next, 7.2ks(es) and Cu infiltrating canning HIP processing were performed by the pressure of 
98MPa, and 1373K. At the end, it finish-machined and 60mm around and six sorts of functionally 
gradient materials to which the three-layer laminating of the layer with a thickness of 2mm was carried 
out were obtained. When these functionally gradient materials were ground and dyeing osmosis flaw 
detection investigated the existence of generating of a crack, the result shown in the following table 1 
was obtained. 



[0039] 
Table H 
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[0040] Generating of a crack was accepted, when pure W was used to there being all no generating of a 
crack when a good ductile metal or a ductile good alloy is used as a diameter refractory material of a 
granule so that clearly from the above-mentioned table 1. 

[0041] an example 2 - this example is an example concerning the 2nd invention. As shown in drawin g 
2 , the laminating of W powder layer 1 1 with a mean particle diameter of 9 micrometers, W powder 
layer 12 with a mean particle diameter of 3 micrometers, W powder layer 13 with a mean particle 
diameter of 2 micrometers, W powder layer 14 with a mean particle diameter of 3 micrometers, and the 
W powder layer 15 with a mean particle diameter of 9 micrometers was carried out, and this was 
fabricated by the pressure of 147MPa(s). This Plastic solid was sintered 28.8 kses in the hydrogen 
ambient atmosphere 2073K. Subsequently, 14.4ks(es) and capsule free HIP processing were performed 
by the pressure of 176MPa, and 2073K. Consequently, for W powder layers 1 1 and 15, W powder layers 
12 and 12 was [ W powder layer 13 of each relative density ] 88% 80% 60%. In addition, W powder 
layers 1 1, 12, 14, and 15 were [ 2mm and W powder layer 13 of the thickness of each layer ] 6mm, and 
the whole magnitude was 14mm in 30mm around and thickness. 

[0042] Next, 14.4ks(es) and Cu infiltrating processing were performed by 1373K the bottom of 
atmospheric pressure, and among the hydrogen ambient atmosphere. At the end, it finish-machined and 
ten sorts of functionally gradient materials were obtained. When these functionally gradient materials 
were ground and dyeing osmosis flaw detection investigated the existence of generating of a crack, a 
crack incidence rate (the number of cracks / the number of prototypes) is Op/lOp, and the crack was not 
observed at all. 

[0043] an example 3 — this example is also an example concerning the 2nd invention. As a W powder 
layer 13 shown in drawing 2 R> 2, by using W powder with a mean particle diameter of 1 micrometer, 
relative density of W powder layer 13 after capsule free HEP processing was made into 97%, and the 
sintered compact after capsule free HIP processing was cut at the core, and ten sorts of functionally 
gradient materials were created for having finished so that it might become 2mm of each class like the 
example 2 except for things. 

[0044] When dyeing osmosis flaw detection investigated the existence of generating of the crack of 
these functionally gradient materials, a crack incidence rate (the number of cracks / the number of 
prototypes) is 0p/l Op, and the crack was not observed at all. 

[0045] the example 1 of a comparison — this example of a comparison is an example of a comparison 
over the 2nd invention. As a W powder layer 13 shown in drawing 2 , ten sorts of functionally gradient 
materials were created for having made relative density of W powder layer 13 after capsule free HIP 
processing into 97% like the example 2 except for things by using W powder with a mean particle 
diameter of 1 micrometer. 

[0046] When dyeing osmosis flaw detection investigated the existence of generating of the crack of 
these functionally gradient materials, a crack incidence rate (the number of cracks / the number of 
prototypes) is 1 0p/l Op, and generating of a crack was accepted in all samples. 

[0047] The above example 2, example 3, and example 1 of a comparison show that it is necessary to cut 
the sintered compact after capsule free HIP processing at the core, and to perform Cu infiltrating 
processing when the relative density of a main layer is 90% or more of high density. 
[0048] an example 4 — this example starts the 3rd invention. As shown in drawing 3 , the laminating of 
W powder layer 21 with a mean particle diameter of 3 micrometers, W powder layer 22 with a mean 
particle diameter of 9 micrometers, W powder layer 23 with a mean particle diameter of 3 micrometers, 
W powder layer 24 with a mean particle diameter of 1 micrometer, W powder layer 25 with a mean 
particle diameter of 3 micrometers, W powder layer 26 with a mean particle diameter of 9 micrometers, 
and the W powder layer 27 with a mean particle diameter of 3 micrometers was carried out, and this was 
fabricated by the pressure of 147MPa(s). The crack or the crack were not accepted in W powder layers 
22 and 26 of the diameter of a large drop of the acquired Plastic solid at all about ten samples. 
[0049] This Plastic solid was sintered 28.8 kses in the hydrogen ambient atmosphere 2073K. 
Subsequently, 14.4ks(es) and capsule free HIP processing were performed by the pressure of 176MPa, 
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and 2073K. 

[0050] Next, it cut at the core of W powder layer 24, and further, between W powder layer 21 and W 
powder layer 22, between W powder layer 26 and W powder layer 27, it cut, respectively and ground. 
Then, 7.2ks(es) and Cu infiltrating canning HIP processing were performed by the pressure of 98MPa, 
and 1373K. At the end, it finish-machined, the three-layer laminating of the layer with 60 aroundmm 
and a thickness of 2mm was carried out, and the functionally gradient material by which Cu layer was 
prepared in the layer side corresponding to W powder layers 22 and 26 was obtained. 
[0051] In addition, the relative density of three layers was 97%, 80%, and 60% sequentially from the 
high density side. 

the example 2 of a comparison — this example of a comparison receives the 3rd invention. 
[0052] As shown in drawing 4 , the laminating of W powder layer 31 with a mean particle diameter of 9 
micrometers, W powder layer 32 with a mean particle diameter of 3 micrometers, W powder layer 33 
with a mean particle diameter of 1 micrometer, W powder layer 33 with a mean particle diameter of 3 
micrometers, and the W powder layer 34 with a mean particle diameter of 9 micrometers was carried 
out, and this was fabricated by the pressure of 147MPa(s). The crack was accepted in W powder layers 
31 and 36 of the diameter of a large drop of the acquired Plastic solid about five samples. 
[0053] This Plastic solid was sintered 28.8 kses in the hydrogen ambient atmosphere 2073K. 
Subsequently, 14.4ks(es) and capsule free HIP processing were performed by the pressure of 176MPa, 
and2073K. 

[0054] Next, it cut and ground at the core of W powder layer 33. Then, 7.2ks(es) and Cu infiltrating 
canning HIP processing were performed by the pressure of 98MPa, and 1373K. At the end, it finish- 
machined, the three-layer laminating of the layer with 60 aroundmm and a thickness of 2mm was carried 
out, and the functionally gradient material by which Cu layer was prepared in the layer side 
corresponding to W powder layers 31 and 35 was obtained. 

[0055] In addition, the relative density of three layers was 97%, 80%, and 60% sequentially from the 
high density side. From an example 4 and the example 2 of a comparison, by pinching W powder layer 
of the diameter of a large drop in W powder layer with a particle size smaller than it shows that the 
crack and crack after shaping can be prevented. 

[0056] an example 5 — this example starts the 4th invention. As shown in drawing 5 , the laminating of 
W powder layer 41 with a mean particle diameter of 3 micrometers, W powder layer 42 with a mean 
particle diameter of 9 micrometers, W powder layer 43 with a mean particle diameter of 3 micrometers, 
W powder layer 44 with a mean particle diameter of 1 micrometer, W powder layer 45 with a mean 
particle diameter of 3 micrometers, W powder layer 46 with a mean particle diameter of 9 micrometers, 
and the W powder layer 47 with a mean particle diameter of 3 micrometers was carried out, and this was 
fabricated by the pressure of 147MPa(s). 

[0057] this Plastic solid — a hydrogen ambient atmosphere - 2073K - 28.8 - it ks(ed) and sintered and 
the sintered compact with a 60mmxl lOmmx thickness of 16mm was obtained, s, s, sintering changed 
the temperature gradient of a temperature up in 0.05 degrees C /, 0.08 degrees C /, 0.12 degrees C /, 0.17 
degrees C /, 0.22 degrees C /, 0.28 degrees C /, 0.33 degrees C /, 0.38 degrees C /, and 0.42 degrees C/[ s 
and ], and performed it s s s s s s. When generating of the crack between each class after sintering was 
observed under the microscope, the result shown in the following table 2 was obtained. 
[0058] 
[Table 2] 



mme cc/ 8 ) 


0.05 


0.08 


0.12 


0.17 


0.22 


0. 28 


0.33 


0.38 


0.42 




5 P 

/5P 


5 P 
/5P 


2 P 
/5P 


0 P 
/5P 


OP 
/5P 


0 P 
/5P 


OP 
/5P 


2P 
/5P 


5P 
/5P 
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[0059] According to the 0.17-0.33 degrees C [/s ] temperature gradient, generating of a crack was 
observed by each between each class by this temperature gradient out of range to generating of a crack 
not being accepted between each class after sintering so that clearly from the above-mentioned table. 
[0060] 

[Effect of the Invention] Since the refractory metal or alloy layer which has ductility is prepared in the 
high density side according to the 1st invention as explained above, a functionally gradient material 
fully bears the thermal stress by the solidification shrinkage of a low-melt point point ingredient by 
which infiltrating was carried out, and a crack does not produce it. Moreover, according to the 2nd 
invention, since distribution of particle size is performed by the upper and lower sides and shaping and 
sintering are performed by symmetry type, curvature does not arise in a functionally gradient material, 
or a crack does not occur in the diameter refractory material layer of a granule. Furthermore, according 
to the 3rd invention, it is prevented by pinching the difficult diameter refractory material powder layer 
of a large drop of shaping by the two-layer diameter refractory material powder layer of a granule that a 
crack occurs by springback in the diameter refractory material powder layer of a large drop. 
Furthermore, according to the 4th invention, by speeding up the programming rate to sintering 
temperature conventionally, effect by difference of the sintering initiation temperature of each class can 
be lessened, and generating of the crack between each class can be prevented again. 
[0061] As mentioned above, according to this invention, curvature arises in the functionally gradient 
material which bears the thermal stress in the case of the solidification shrinkage of an infiltrating 
ingredient, and a sintered compact, or the manufacture approach of the functionally gradient material 
which a crack does not generate is offered. 



[Translation done.] 
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